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Subject: Hyd.ra.ulic model studies of: Glendo Dam Outlet Worka--Glendo

Unit--Missouri, River Bas:ln Pro.ject ’ Wypming
| mnomrcrmn

" Glendo Dam, a part of the Missouri River Basin Project, is
located on the North Platte River about 30 miles northwest of Guernsey,
Wyoming, Figure 1. The dam is an earthfill ‘structure approximately
2,000 feet long and rises 172 feet above the lowest foundation. Iocated
near ‘the right dam abutment is the: spillway which has a -maximum discharge
capacity of ‘10,300 second-feet. The ‘intake’ to the outlet works is- ‘
located approximately 1 mile upstream from the dem embankment and by
making use of a "hairpin" bend ‘in the river, flow from the outlet works
re-enters the river channel approxima.tely 3 miles downstream rrom the
dam, Figure 2.

The outlet works tunnel, which is circular with a diemeter of
21 feet, branches approximately 2,200 feet dowvnstream from the inlet
structure and supplies water to both the powerplant and ‘the outlet works,
Figure 3. The outlet works branch further divides into three 12-foot-
diemeter circular conduits. Flow through the outlet works is controlled
by three- regulating gates, each T feet 3 1nches wide by T feet 9 inchea

high. ’ ;

The model studies discussed in this report were necessary to
study the stilling basin performance and the flow conditions in the
brancn:lng conduits for final operatmng and diversion conditions.

‘THE 1:24 MODEL

The model of the: ‘outlet works was built to a geometrical scale

of 1:24 and included the trifurcation manifold: wh:!.ch ‘distributed the flow

to the three high preasure slide gates , ‘the ‘gatee, the chute and stilling




basin and a section of the outlet channel, Figures 4 and SA.° The tunnel
upstream from the: manifold was not : modeled since ithis. portion of the
conduit flows under pressure where no hydraulic problems -are anticipated.
The conduit upstream from the manifold was represented by ‘a 20=foot
‘length of pipe 8 inches ‘in diameter. A L-vane flow :straightener, k. feet
in length, was placed in the upstream:-end of" the 8-inch pipe to evenly
distribute the flow 'before entering the manifold. , seli

- The manifold and outlet pipe transitions were accurately _
fabricated from sheet: metal to represent ‘the” prototype. However, since
no ‘detailed- testing of the flow in the gates was contemplated ‘in- this
study, a slide gate with a leaf not to scale was used to obtain &
representative -flow pattern . entering the stilling basin. L

A ring oi‘ four' piszometers wes placed in the 8-:I.nch pips ,
1 diameter upstream from the manifold, to.measure 'the pressure head
in the outlet pipe. In addition, piezometers were placed .at various
points in the manifold, and in the circular:and nectanguler -conduits
imsdiately ups’ trssm from the gates to msasurc pressures in the ‘

. The chute ‘and stilling 'basin were constructed of 3/h-inch ply-, '
vood vhile the tail ‘box was constructed of lumber .and :lined with sheet
metal. The outlet channel :and topography downstream i’rom the stilling ,
basin were formed . from river: sand ‘to provide /an” erodi'ble bed for .erosion
studies. The tail water: elevation in’ the. outlet channel was controlled
by means of & tailgate at the downstream end of the tail box.

| THE INVESTIGATION

General

: The model was . constructed primarily to study the performance of
‘the stilling basin. However, 4t was the opinion of the laboratory that
at Jeast a portion of the manifold skould be comstructed to obtein-a o
representative distribution of flow entering ithe :stilling basin. ‘There-
fore, the manifold leading to the regulating gates was included in the.
model. The preliminary studies on the model indicated that, in addition
to the investigation of: the stilling basin performance, certain features
of the manifold design also should be investigated_to improve the flow.
distribution and overall ‘hydrau]:ic performsnce :0f the manifold.

‘ . The characteristics of the i’low dn the .manifold were evaluated
by means. of velocity measurements and piezometers located at selected - -
points in the system of conduits, bends, and trsnsitions. . Action in the‘




stilling basin was evaluated by means of erosion tests and visual
‘observations of the stilling action in the basin. The erosion tests,
which were especially helpful in determining the size, spacing, and
location of the baffle plers, were made by operating the model for a
time period equivalent to approximately 3 hours'prototype

In general, the studies of" the fiow in the manifold and in the
stilling basin were conducted at the same ‘time by recording test data
from both regions of flow. However, changes in the manifold arrangement
affected the performance of the stilling basin and extensive studies of
the stilling basin were made only after the design of the manifold was
concluded. After the stilling basin ‘'studies were completed, the .gates
and transitions were removed to study the flow ‘distribution and stilling
action for diversion flows which will occur only while Glendo Dam is
under construction.

-

Transition Studies

Preliminary. 1Initial studies on the preliminary transition
between the circular conduit, 12 feet in diameter, and the rectangular
conduit, 7 feet 3 inches wide by 7 feet 9 inches high, immediately
upstream from the control gates showed a region of low pressures in the
vertical bend immediately downstream from the transition, Figure 6.

Five piezometers, ‘located at the top, sides end bottom of the rectan=-
gular conduit, indicated pressures ‘from 12 to 2] feet of water below
atmospheric when the gates were 100 percent open and discharging 11,200
second-feet.. The pressures remained below atmospheric, although to a
lesser degree, as the. discharge was decreased to 6,000 second-feet with
the gates 100 percent open. However, reducing the= gste opening 8 to 10
percent resulted in pressures atmospheric or higher for the entire range
of discharges. The fact that atmospheric or higher pressures were
observed at partial gate. openings indicated that the downstream. gate .
frame with flared walls acted.as a: diverging tube, reducing the pressure
in the conduit when the gates were fully open. At rartiel gate.openings,
the downstream frame no longer flowed full and the pressure in the
conduit -rose to atmospheric or higher. ‘ ;

From the above analysis it appeared the low pressures observed
at near maximm discharges and full gate opening could be reduced either
by raising the roof of the downstream gate frame to aerate the surface
of the jet or by substituting parallel wells for the flared walls in the
dovnstream frame, The latter solution was chosen for testing.

Recommended transition. In addition to the change in the walls
of the downstream frame, mentioned above, the shape of the transition
was altered to eliminate the hump in the invert of the .conduit and pro-
vide a more gradual transition from the circular to rectangular conduit,

Figure 7.




The revised transition (Transit:lon B) was equipped with 10
piezometers and was tested with both parallel and. flared walls in the ,
downstream gate freme, ‘With flared walls y the obaerved pressures in the .
transition for maximum discharge at 100 percent opening varied from 11
feet below atmospheric to 9 feet of water above atmospheric, Figure 7. .
Thus, pressures in Transition B vere about 10 feet ‘higher. than those
observed in the preliminary transition indicating that Tra.ns:ltion B was
the better design hydraulically. Parallel walls in the downstream frame = -
were then tested. At full gsate opening and ma.ximm discharge, all. :
observed pressures were above atmospheric . and ‘varied from 3 reet of
vater at Plezometer 4 to 26 feet at P:lezometer 10, A

Because pressures observed in Tra.ns:l.tion B were about 10 feet
higher than those observed in the preliminary tra.nsition, Transition B .
is recommended for comstruction. In addition, it is recommended that
the downstream gate {iame be designed with parallel walls to fu.rtlner
increase the pressures in the transition,

Stilling Basin:Studies

Preliminary design. Tests were made 1n1tially on the pre-
liminary design which ie shown in Figures 4 and 5A, In general, the
operation of the structure was unsatisfactory. ‘At the maximum dinscharge
6f 11,200 second-feet with the gates wide open the distribtxhion of flow
in the stilling basin was poor. .The right gate dischargesapproxnutely )
10 percent more water then either of the other two gates, Figure 5B; the
hydraulic jump &ppeared drowned; and the bulk of the flow -remained near
the floor of the basin with very 1itt1e vertical distribution.. ‘When
one gate was closed, the dead water downsiream from the closed gate
folded over the top of the Jet from- the ad;)a.cent gate cauaing a severe
eddy in the basin,

Results of the erosion test at maximum discharge on the pre- .
liminary design is.shown in Figure 5C. The deepest scour pocket formed
at the downstream end of the laft training wall where the channel eroded .
to elevation 4472 feet and exposed approximately 7 feet of the downstream

. cutoff wall,

Several - exploratory tests ‘were made using chute’ ‘blocks a.nd
baffle piers, varying from 3 to 6 feet in height, on the stilling basin
floor. The baffle piers helped materially in- reducing the turbulence
and surges in the besin. The improved stilling basin operation wae ‘
evidenced by bet<er flow distribution across the basin width and by a
reduction in the denth of erosion in the channel.




The exploratory tests indicated that 1f *+he height -of. the
chute blocks was increased ‘and & row of bafile piers was installed in -
the basin, the length of the stilling besin could be shortened about 15
feet. The surface of the flow in the stilling ‘basin was: comparatively
smooth and only for ohe- and two-gate operation did the stilling hasin :
turbulence extend to the downstream end of the ‘basin, -

Basin 2. “As'a result of the tests and o‘baerva.tions of the
 preliminary design, it was decided to shorten the length of the stilling
basin from 87 feet 6 inches to 72 feet 6 inches, or 15 feet, The =
shorter basin is designated Basin 2, which except for the length is the
same as the preliminary design.‘ o

‘From ‘visual o'bservations there appeared to be ‘no significa.nt o
change in the operation of the stilling basin ‘as a result.of ‘decreasing
the length of the basin.‘

: The preliminaery stilling basin contained no dividing walls
between the three gates. ‘Consequently, when one or two gates were :
closed severe eddies formed in the basin and the general operstion of the
stilling basin was poor, To. improve the ‘basin operation for ‘one- ‘and
two-gate -operation, dividing walls were placed between the three -gates,
Figure 8. Several walls varying in length from 30 to 50 i‘eet vere
tested,

From visual: observations it was: determined that the walls
should extend at least 11 feet downstream from the toe of the 12° 30' .
slope to ‘eliminate the eddy in the stilling ‘basin when one or two gates, ,
were closed. Figure 8 shows a ‘comparison ‘of the basin operation with
dividing walls extending to the toe of the slope and 11 feet ‘downstream
from the slope when the left gate is'closed. With the shorter dividing
walls installed, Figure 8A, an eddy formed in the basin as indicated by
the foam along ‘che left training wall. However, no eddy formed when
the dividing walls were extended 11 feet downstream, Figure 8B. There-
fore, it is recommended that dividing walls, extending at least 11 feet
downstream from the toe of the slope, be installed between the gates to
prevent side eddies from forming when releases are made through only one
or two gates.

Tests on the prelim.inary design ahowed that the jets from the ‘
gates remained -near the basin floor with very little vertical flow - ’
distribution in the stilling basin. By installing baffle piers in the
basin and ‘increasing the height of the chute blocks, it was found that °
the vertical distribution of flow was improved and & general improvement
of the stilling basin performance was noted. ‘Based on these preliminary
studies, extensive testing of various sizes and spacings of chute blocks




and baffle pilers was undertsken to determine the best combination for
optimm 8tilling basin performance. The chute blocks tested varied from:
3 to 7 feet in:height and from 3 to 5 feet wide; the ‘baffle ‘plers ranged ‘
from 5 to 8 feet in height and from: 5 to 7 feet wide. .

Table 1 shows the dnta for some of the ‘more . important chute
block and baffle pler designs tested. In general, the preliminary chute
blocks (3 feet high and 3 feet wide, Figure 4) were 'too small and the
tests showed that a block 5 feet wide and 7 feet high was required to .
distribute the flow vertically and to adequately raise the jets off the
floor of the stilling basin. When the height of the block was raised
above 5 feet, it was found desirable to slope the top of the chute block
upward in the downstream direction. The sloping top reduced the length
. of the block and, more importantly, increased the: efficiency ‘of ‘the chut:e
blocks by deflecting part of ‘the jet in. an upward direction. : .

'rhe exploratory baffle Ppiler tests on the preliminary design
showed that 6 baffle piers » 5 feet: 6. 1nches in height, were required to
effectively distribute the flow in the stilling basin when used in =
combination with chute blocks up to 6 feet in: height. Baffle p:lers h:l.gher
than 5 feet 6 inches in height ‘caused a rough water :surface and consid-
erable ‘surging in the basin, Table 2. To determine the best location of
the baffle piers in the stilling basin, pressures on the face of the .
riers were observed with the plers 5 to 30 feet dowmstream from the toe.
of the chute. Results of these tests, using square baffle piers 5 feet
6 inches on a side, are shown in Figure 9. The pressure-on the test pler.
varied from a maximum of 83 feet of water at a distance of 5 feet from
the chute to & minimum of L2 feet of water at 30 feet from the chute.
The curves shown in Figure 9 indicate that the piers:could be placed
from 15 to 25 feet from the chute with moderate impact pressures on the
face of the piers. With this range of distances-established, the exact
location of the baffle piers weas determined to be .20 feet downstream ,
from the chute by erosion tests and visual observations of ‘the stilling
basin performance, - .
’i

Figures 5C and 10A: a.nd B show typical erosion pa.tterns o'btaineﬂ :
for the more important pier designs for the maximum discharge of 11,200 /
second-feet. The least erosion was observed for Design 2-C, Figure 10A -
and Table'l, However, the erosion patterns for Designs l-A through 4-C
were obtained with the preliminary transition installed upstream from -
the gates. When the recommended transition was installed, the .aistribu-
tion of flow through each gate was: changed and :an: entirely -different
erosion pattern was obtained with more scour occurring at the downstream
- end of the training wells, By comparing Figure 10B.and C, it can be
seen that the maximum depth of erosion increased from: 6 feet with the
preliminary transition to 11 feet when the recommended - transition. was




| Table 1 L
 CHUIE BLOCK AND BAFFIE PIER smmms s

RV

__Baffle piers .
- Width : Height

: Chute blocka

Beigg Tog or block 82 1_n_g Design

‘3'-0" ‘: Eorizonta.l 3"
416" : Horizontal ~: 3'«0"
420" : ‘Horizontal - kroo®

Width

‘Hone

-~ 6'-0"

- 51.6"
6' to 8!
810"

,,3'40"“
3'-0"
oo
'3'-6"'
5t <0"

6ran
5'-6"
2 grogh

6'-0" : Upward slope : 3'=3"
7'-0" @ Upvard slape : 6°-0"

o b 68 a8 30 oo ssfes
oo e s0 se oo vs vefesee
es a6 o0 0é o es as e

ee 00 0e 00 0o oo eofeel .
se 60 08 oo we oo eafes]

‘Block and .pier
combination

Max ‘depth: : B . el S .
of :scour¥*: ‘ ‘Basin operation

10'<0" :Jets remained on floor of ‘basin. Rough operation. _

. == :Considerable surging in basin. Piers appeared too. high -
2-B ~== -:Basin operation similar ‘to Design 1l-B., ,

2-Cc o 3'<6" ::Scour negligible. ‘Rough ‘basin operation.

3=C ©t - 4'20" :Improved basin performance but surges prevalent .

hoo 6'=0" :Smoothker water . surface except for Q of 5,000 a.nd

' 10,000 cfs,

ll'f-O" .'Excessive /scour-due to redistribution of flow resulting

S ‘from recommended transition. ;

Extensive study of various sizes of blocks and piers. 4
5' x 7' chute blocks and 6'-6" x 8! baffle pier gave
‘best operation. :

mooth ‘water surfece for all discharges. Flow well dis-
‘tributed. Maximum depth of | Scour was. 3'-0" for Q of”
10,000 ch. : ‘ - v

Design 1-A (Prelim)

o

b-C

5-D

0 ee 66 40 40 es o0 o0 0s e0 se

’ "!’Discharge = 11,200 cf8, "




‘installed. 'l‘he change ‘in tra.ns:l.tion deeig:s 5 with the attendant L }
‘redistribution of flow through’ the: gates , necessitated further studies
‘with chute ‘blocks and baffle plers. Reeults of ‘thege additional studies :
 ‘showed that chute blocks :5 feet wide ‘and T feet high ‘and baffle plers’ 6
' feet 6 inches wide and 8 ‘feet’ high were required “for: adequate stilling :
‘basin performance and minimum: .erosion. .Although the maximum: depth of o
-scour ‘occurring. at ‘the downstream ends of the ‘training 'walls was:greater
‘than the’ depth of scour observed:with: Design 2<C, , ‘the total: material - e
" eroded was less using Design ‘5-Ei than Design '2-C, -Also, the maximm
depth of scour was only 3:feet when the: diecharge wae reduced to. 10 ,000
second-feet. Therefore, Deeign S-E is recomnded. o o :

It :ls ple.nned to place r:lpre.p, 3 feet 1n thicknees, :ln the
‘outlet channel -for a distance: of 65 feet downstresm from the stilling
‘basin, Figure' 3. -Brosion tests vere. made with:a layer: of ‘gravel, .having
‘8 maximum nominal diemeter of 1-1/2 inches (or 36 ‘inches: prototype), ‘
placed in the:outlet .channel .to, represent the: riprap. After: operating
the model at.maximm:. d:lscha.rge ‘for a period of -time: equiva.lent to 30
: hou.rs' prototype , there was no- appreciable movement of" the r:l.prep. v

i Erosion studies were made w:lth two eizes of end sills, 3 and J
5 feet in height. The erosion ,.pa.tterns were' practically the same for
‘each of the sills. 'Therefore, the: prel:lmine.ry end ei].l, 3. feet in
height, 1s:recommended ' for cone’cruct:lon. : ,

'I‘he preliminary basin design included tra:l.ning waJJ.e with

divergence of ‘8° extending lli:feet ‘6 'inches downftream from the gates,
Figure L. ‘With the flared. downstream gate frame, the distribution of
flov.'was very good and the jets followed the diverg.tng training walls,
“@m 5.. When ‘the flared walls:.in the downstream:gate frame were 1w
placcd with parallel walls, the model was first: operated without dives-
ging training walls downstream from the gate ‘frame. ‘Under this comdi- .
tion, .reverse flow from the stilling basin’backed up along the ‘sides of 8
the jets and: caused: considerable splash ‘and. a puleating action 'bo occur
where the jet.and the reverse flow met. e ‘

' To - :hnprove these: undeeirable rlow conditione, training welle
with an 8° divergence and similar to the preliminary design, Figure U4,
‘were -installed ‘in the model. :Although ‘the | flow: did:not-follow the
diverging training walls, ‘the:.walls; ;prevented the .reverse - flow :fron
‘ mtemepting the Jets: a.nd noticeably: reduced the emo\mt of epleeh.

. .In a discussion with the deei.gners, :lt was declded to cont:l.me
“the parallel walls downstream: toe wvertical line 1 foot downetreen r;'on
“the top of the gate frame, Figure. 1l. By thus. extending the pe.rellel o
walls, costly warped walls are eliminated. "The: e.'bove tra.ining wal.l




arrangement , which 18 recomended, ‘was not tested in the :model. . However,
‘because the degree of ‘divergence:1s increased only from:8° to 10°, it is
believed the recommended’diverging walls will perfom equally as: well as
‘the walls tested in the. mdel. :

RECOMHERDED ‘DESIGN:

The recomended design for the outlet works, evolved from the
model studies, is shown in Figure ll. This design includas the transi-
tion, shown in Figure 7, downstream gate frame with parallel walls,
chute blocks 5 feet wide and 7T feet high, baffle piers 6 ‘Peet 6 inches
wide and ‘8 feet high, dividing walls separating the flow into 3 bays »
and Basin 2 with a length of T2 feet 6 inches., Figures 12 and 13 show

in more detail the transition, diverging .walls, and st:lll:l.ng ‘basin:
developed from the study. S

Figures 14 through 16 show the operation of the recommended
design for maximum discharge through-one, two, or three gates. In
genersl, the best atilling ‘basin performa.nce occurs when. releasea are
made ‘through' three gates opened: ‘an- equal -amount. Under these. -conditions,
the distribution of flow is more uniform and the full width of stilling
basin 18 utilized. The poorest .operation was observed when only one
gate is operating, Figure 16. The flow is rough and concentrated in a
portion of the basin. Boils. extending into the outlet channel are
pPrevelent. Therefore, only under -emergency com!...tione should large
releases. be nmade through one gate,

. Considerable data was obtained from the model to eva.luote” the
recomnended design and to provide & comparison with data obtained later
from the prototype structure.

i

Pressures -

Chute blocks. ‘A test chute block was equipped :ith eight piezo-
meters and placed in the center of ‘the right 'be.y The location of -the
piezometers on the test block and the pressures observed for a range of
discharges through one, two, and three gates are shown -in Figure 17.

With three gates:discharging in the range of. flows .of 10,000 %0 11,200
'second=-feet, the observed pressures on the test block were. approx:hnately
atmospheric or higher, 'The maximm observed pressure was 16 feet.of ,
water above atmospheric at Piezometer 1 and the lowest pressure for ‘three-
gate operation was ‘1 foot below atmospheric observed at Piezometers T and




' With the center: gate closed and the right -and left gates d:ls-
charging 8,600 second-feet, the pressures observed on the chute block -
ranged- from 11 feet of ‘water above: atmosphcric at P:lezometer 1l to 5 feet
below stmospheric at Piezometer 8, : ‘

The lowest pressures on the test block were observed when the
center and left gate were closed and the right gate was discharging the
maximum flow of 4,600 second-feet; & pressure of 13 feet below atmos-
pheric was recorded at Piezometer 8. With a normal discharge of 3,800
second-feet’ through the right gate the pressures increased 1 to 6 Teet;
the lowest pressure; 10 feet of water below atmapheric, ‘was again
observed at Piezometer 8. : . v

{All the observed pressures vere above the cavitation range
Because negative ‘Pressures were observed only .for- one-~ and two-gate .
operation, an emergency operating condition, it is believed the chute
blocks are adequately designed against cavitation. ‘ ),3:

‘ Baffle piers. Preasure date for opera.ting conditions a:l.milar
to those used in the chute block tests were: also observed on the baffle
piers. Figure 18 shows the location of: the 12 ‘piezometers on the test
pier and the observed pressures for different operating ‘conditions. 'l‘he
test pler 'was located 1n the right 'bay ‘and to the left of the center
line.

The ma.ximnn pressures were ‘observed at Piezmterllﬁou the
face of the pier and varied from 4O to 7Tl feet of iwater above atmos=-
pheric depending on the operating condition. The lowest pressures, -
varying from approximately atmospheric. pressure to 20 .feet below atmos-
pheric, were observed on the .side of the pier at Piezometer 2. -However,
the extreme low pressure of minus 20 feet was observed only: when the
maximum discharge of 4,750 second-feet was released through the right
gate; for two- and three-gate operation at maximum flows, the observed -
pressures were approximately atmospheric or higher. Thererore, except
for maximum flow through one ‘gate ’ no adverse pressures a.re expected on
the . bafrle plers. :

: Right training wall. A _check was also made of the pressures
along the right training wall immediately downstream from the right
chute block. Pressures were observed at points 2, 4, and:6 feet above
the bvasin floor. The following table lists the: preasures in feet of
water observed for different: gate combinations at maximum Llow:




"3 'Number ‘of gates operating. and ‘
Piezometer Elevation of: discharge 'in second-feet '
‘No. piezometer 3 ToLRi et 2oy
' 11 200 10,000 ~B;800

6. 5 b5

10.0

e a0 aefee e

4483 9,0

‘10;5

12.0

a4 s oo as selea

2 12,5

1+ hiBs

e« oo as .’. (13 .I o.-‘.

s

3 LBL : 16.0 13:5

, For all operating conditionS“the-pressures werexwell:ebove
atmospheric. ‘ ‘ a » R

Jump-sweepout Data

To determine the adequacy of the depth of the stilling. b381n,
jump-sweepout curves for one=-, two-, and three-gate operation -were
obtained from the model. "Jump-sweepout 4n this study is defined &s the
tail water elevation at- which the entering flow ceased to flow- through
the stilling pool but was deflected upward at the baffle piers. Although
the water surface is rough with the £low: deflected upward, e .pool remains
in the stilling basin and the structure could operate under sweepout
conditions for short: perlods of time without -endangering the :structure
‘or causing excessive scour. ‘However, pressures on the chute blocks .and
baffle piers would no doubt reach the cavitation range.

Figure 19 shows the: results of these’ tests,-ln‘the form-of
curves, along with the normal tail water curve. The Jump will remain in
the basin for tail water elevations 1 to 5 feet below. normal when two or
more gates are operating. With only the right gate operating, ‘the jump
will sweep out for discharges above 4,250 second-feet; will not sweep out
for lesser flows. Performance with: the jump swept out is shown . in
Figure 16A. The maxiwum discharge of li,700 seccnd=feet may be released
through either the center or left gate without the jump sweeping out at
normal tail water, ‘Figures 16B and C. , .

The sweepout curves. emphasize the need for using all three
gates when releasing flows: through the outlet works. -In the range of
discharges from 3,000 to 8,000 second-feet, releases can be made . sthrough
three gates with the tail water 1to L feet ‘lower . than similar releases
through one or two gates without the Jump sweeping out..




‘Water Surface~Profilesv'

Water surrace profiles- for near: maximum discharges through
one, two, and three gates are ‘shown in:Figures 20 and 21. The profiles
were measured:along the right training wall with the- tail water at normal
‘elevation, Figure 19, . _

Head-discharge Curves

The head-discharge relationships for ‘flows using all possible
gate combinations are shown in Figure 22. - The pressure head: (ordinate
of Figure 22) was measured at & piezometer ring placed in the model .
supply pipe at: Station 29+18 where the:diameter of the converging. mani-
fold is 16 feet. Prior to calibrating the gates, a reinforcing post was
placed in each of the Y-branches, The post:was:9 inches in-diameter.in -
the upstream branch and- 6 ‘inches ‘in diameter in:the: downstream branch'

The maximum discharge through ‘the three ga.tes for maxilmm ‘_
reservolr elevation was determined to be approximately 12, 500 second-feet.
For two-gate operation, the maximum discharge was 8,100 second-feet R
through the right and center gates and approximately 8, 600 second-feet -
through the other two-gate combinations. With one. gate operating at' f‘
meximum reservoir, the maximum discharge was: fbund to: be approximately
4,500 second-feet" for each of the gates. S ‘ ,

To determine the distribution of flow through ‘the- manifold
velocity measurements using a pitot: tube were made in the rectangular :
conduit immediately upstream from the gates. Using the measured veloc-
ities to determine discharges, it was found that the- right, center,’ -and
left gates, respectively, were discharging 35 5, 33 7, and '30.8 percent
of the maximum flnw " ,

The manifold, as tested in the model, converged from a diameter

of 21 feet at the center of the Y-branch in the main tumnnel (27 feet
-downstream from the center line of the surge tank or Station 28+80) to
a dismeter of 12 feet at the P.C. of the manifold bend, Figure 23, - After
the gates were calibrated and the model was modified for diversion -
studies, the designers changed the manifold design by making the manifold
section a constant diameter of 21 feet to the upstream lateral vhere the
manifold 1ateral_convergesruniformly'to:a-dismetercof:la‘feet*at%the;E{Q;”\
of .the bend, Figure 23, ‘Also, two reinforcing posts were placed in each .
Y-branch of the prototype instead of one post as:tested in the model.
Thus, the manifold losses and the distribution of flow through the three
outlets in the model were probably different from those in the prototype'»
Therefore, some differsnce in the curves shown in Figure 22 ‘and - those
obtained in the prototype are to be expected. ' o




DIVERSION STUD]ES

After the outlet works. studies ‘were completed, “the: outlet pipe- .
transitione and. slide gates were: removed ‘from the model to. study the: '
flow conditions to be e*fpected during the diversion periccl. "Bxcept: . for
the second stage concrete, shown in Figure 12;° ‘the outlet works stilling
basin will be completed prior to. divert:l.ng the river flow through tae
outlets. Figure 24A shows the arrangement of the model for the
diversion studies. ' v _

Preliminary teste with diversion flows showed the operation of
the stilling basin to be Very poor. Proportionntely more of the flow
was: concentre.ted in the right and left branches of: the outlet works; at
maximum discbnrge of '10,000. second-cfeet , little stilling action took
place beceuse the flow psssed over the ‘pool surface and failed to pene-
trate the stilling pool, ‘Figure. ‘24B. The amount of flow through each of
the outlets was erratic, depending on whether the left conduit flowed
full or partislly full, Figure 21&3. “Phe right outlet always flowed full
at near meximum discharges while.the ‘center outlet always flowed par=
tially full and the left outlet flowed full or ps.rtially full, depending
on the tail water elevation. Once ‘the left:outlet flowed full it
continued to i’low full even £or belov normal tail water elevs.tions.

‘This erratic flow hed e pronounced effect on the pressu.res in
the manifold, Figure 25A. When the left outlet flowed i’ull, the pres-

sures at Pilezometers 7 and 8: in the left branch dropped to. a minimum-of
2k feet " below atmospheric. '.l‘he pressures rose 15 to ‘24 feet when ‘the
left outlet flowed partially full : .

Visual observations of the flow entering the stilling basin
indicated that more flov vas discharging from the right outlet than
from either the center or left outlets, Figure 24B. To distribute the
flow more evenly and to induce the flow to penetrate the stilling pool,
a constriction was ple.ced at ‘the end of the- right outlet, Figure 25.
The constriction vas a flat plate covering the upper 3-foot segment of
the outlet. The constriction distributed the flow more equally between
the three outlets ,- but at times the flow from the left outlet did not
penetrate the pool. The lowest pressure, 15 feet below. atmospheric,
was .observed in the left 'branch when ‘the left outlet was- flowing full,

Figure: ‘258,

Constrictions then vere placed on both the right a.nd left
outlets to further improve the stilling basin performance, Figure 26.
The constrictions made the basin more effective by: directing the flow so
that it penetrated the stilling pool, Figure 26A. Although the right
outlet was passing more flow than. either of the other outlets, the




stilling basin adequately handled' the ms.ximum discharge of 10 OOO
second-feet. Slightly improved pressures ‘were observed in the lei’t

branch where a minimum:pressure:-of 1l feet. ‘below : s.tmospheric ‘Was -
recorded at -Piezometers 7 -and: 8 when all outlets were floving full- 's.t L
maximum discharge, Figure 250. ; B TS LN I R s

; The results of erosion tests with a.nd without constrictions on
the outlets are shown. in Figure 26B and C.. With no:constrictions on -
the outlets, & considerable -amount of riprap, ‘especially downstresm from "
the right outlet, was moved in the outlet: cha.nnel. With the constrictions
installed the riprap remained in-:pla.ce. Lo Lo : :

, Since the constrictions on the right and lert outlets improved
the stilling ‘basin performs.nce ’ 4ncreased the. i.nl pressures in the . ..
manifold, .and moved ;less riprap in the; outlet - channel 1t 18 recomended
that constrictions as: shown 4n Figure 25 be. pla.ced on the right s.nd left
outlets. . .\‘ Wk :

, The pressures at Piezometer 1 1n Figure 25 are plotted in ,
Figure 27 *o show the pressure head required to pass. va.rioussdischs.rges e
for the designs tested. These curves give .further evidence of the - :
improvement obtained in the .-recommended : design.  For the preliminary -
design, the pressure head required to pass 10, OOO ‘second-feet varies.
from 2 to 20 feet .depending on whether the. lef‘t ;outlet flows .full or
partially full.  With the constriction over the right outlet, s.pproxi- g
‘mately the same pressure head was required. Similarly, with the: ‘recom-
mended design (constrictions over Tight and «1eft outlets) the pressure =
head varied only between 9 and 12 feet. “Thus , 8 more sta'ble i’low was.
indicated when constrictions are pls,ced over hoth outlets. ’

Figure 28 shows the opez ation of the stilling basin for dis-
charges of 5,000, 7,500, and 10,000 second-feet - with the recomended
constrictions ‘on the right and left outlets. e Ephe

It should be noted tha.t the diversion studies were ms.de vith
a manifold of smaller diameter than ‘that of the manifold shown in the
specifications .(see page 12). ..The smaller manifold, as tested in the
model, was more conducive to: low pressures ‘because .of the ‘higher . .. ..
velocities in the manifold section. - ‘Therefore, the+ ‘specification mani-
fold is expected to give improved perfomsnce of the stilling basin: ‘and
to increase the pressures in the low pressure regions observed in the ‘
diversion model studies. : R . :
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FIGURE '8 .
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A, ‘Dividing walls extending to
toe of 12°.30' slope.

. B. Dividing walls extending 11 feet
downstream from toe of slope.

GLENDO DAM OUTLET WORKS
Flow conditions with two lengths
of dividing-walls
Q = 7470 cfs through right
and center gates,
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FIGURE10
‘Report Hyd-413

A, Block and Pier Design “B. Block and Pier Design 4-C
2=C(Table 1). . with preliminary transiti.on.

C. Block and Pier Design 4-C . - D. ‘Block and:Pier Design 5E
with recommended: tran51- = ‘(Recommended)
tion, ‘ )

GLENDO DAM OUTLET WORKS
‘Chute Block and Baffle ‘Pier Studies (see Table 1)
Erosion after:Discharge.of 11, 200 cfs.
1:24 Scale Model
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. FIGURE14 .
‘Report'Hyd-413

Normal discharge of 3, soo.cfs thzjough.right gate fully open.

GLENDO DAM OUTLET WORKS
Operation of Recommended Stilling:Basin
‘ 1:24°Scale Model




FIGURE 18
Report Hyd-413

Discharge of 8, 700 cfs through center and left gates.

. . 3
GLENDO DAM OQUTLET WORKS
Operation of: Recommended Stilling Basin
1:24 Scale Model




FIGURE 16
Report Hyd=418

.

Discharge of 4, 750 cfs through left gate.

GLENDO DAM OUTLET WORKS
Operation of Recommended Stilling Basin
'1:24 Scale Model




~ FIGURE 17~
‘REPORYT HYD. 413
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FIGURE I8
REPORT. HYD. 413 -

6'- 6"~ =

6"..”..;.‘-2 -

v%"——,;—'-‘.-;%‘s

;_,,,,.rzo+9,. ,_.uano:..ﬁmq. 6+ u.:aowa
5 20 ac,._d oc+a_=oa

R e

,\-m_.w.:qu.o ;
‘ELEVATION
_..OOD._._OZ O_u _u_mNO_Sm._.m

1 3

S

“NO. o>._.mm

ovmz>qizo o_mo:>mmm 4>.rs>4mx

45075

45073
4504.5

0 . 4504.0
..4502.9

. =
)

PRESSURE IN FEET
OF WATER PROTOTYPE

_u_ mNOZ_m...mm._ ,Z.C_S wmm

ormzoo cb! OC._._-m._. iomxm .
PIEZOMETRIC . PRESSURES oz EMOOZZMZOMU ‘BAFFLE _u_mwm
_ 24 SCALE :oomr

i




-
w
‘w
w
Tz
Z
S
P
>
w
o
o
e
w'
-
.
=
et
<
=

‘Normal Tailwater:curve -,

Cy

; -k;nght'gofe‘fuly_lydp'ej'ln—;" BN

Voo
y B

4

’ o qafesfully o

o [ ,'.-Throa qafas g
BN SR D f‘ullyopen'

SR »"Threyeg'o‘:‘te; po_ffiqll y Sbén' |

-+

4 RN IR R T "7‘1{'°-[_, L
‘DISCHARGE 'IN THOUSANDS OF CUBIC FEET PER SEGOND

GLENDO DAM OUTLET WORKS

JUMP SWEEP OUT GURVES
RECOMMENDED DESIGN

l 24 SGALE MODEL




/'FIGUR 20
REPORT ‘HYD. ‘413

ELEVATION IN FEET

l
‘

“For dtscharge of || 200 ¢cfs +hrough 'l'hree gofes {Fully open)
-“For:dischorge-of . 12350 cfs’ +hmuqh fhree ga'res (Fully-open)
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ELEVATION IN FEET
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Model for diversion studies,

Righ* and left outlets flowing full. \ Ruht outlet flowing full, = Center
=Center.muet«;p‘rthnyf‘-mll. : ' -nd ‘left outlets puunny mu.

‘B, Muhnum diversion duclmm of: 10.000 cfs.
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With no constrictions on outlets, . « ‘left outlet (Re ended),

Scour after Q of 10, 000 for 5 hours (prototype).

GLENDO DAM:OUTLET WORKS
‘Diversion Studies
1:24 Scale Model




'FIGURE 27
‘REPORT HYD 43 -
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FIGURE28
Report Hyd-413

‘A, Q=10,000 c.f,s. Center B. Q=5,000 cfs. Center outlet
.outlet ﬂowi.ng full, : . flowing partially full,

Center outlet flowing full. - Center outlet flowing partially
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